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SUMMARY 


During the first flight tests of the Republic XP-84 airplane 
it was. discovered that there was a complete lack of stall warning. 

A short series of development tests of a suitable 3tall -warning 
device for the airplane was therefore made on a l/U -scale model 
in the Langley 3 00 MFH 7- by 10 -foot tunnel. Two similar stall- 
warning devices, each designed to produce early root stall which 
would provide a buffet warning, were tested. 

It 'appeared that either device would give a satisfactory 
buffet warning in the flaps-up configuration, at the cost of an 
increase of 8 or 10 miles per hour in minimum speed. Although 
neither device seemed to give a true buffet warning in the flaps- 
down c onf i gurati or. , it appeared that either device would improve the 
flaps -down stalling characteristics by lessening the severity of the 
stall and by maintaining bettor control at the stall. The flaps - 
down minimum-speed increase caused by the devices was only 1 or 
2 miles per hour. 


The first flight test3 of the Republic XP-84 no. 1 airplano 
showed the stalling characteristics to be unsatisfactory (reference l). 
The stall occurred, with no preliminary warning, in the form of a 
roll-off to the left, accompanied by a euddon dropping of the noso . 

Tho roll-off was undesirable, but the principal objection of the pilot 
was that there was an absolute lack of stall warning. 

Motion pictures of tufts attached to tho wing of the airplane 
showed that the left wing panel stalled practically as a whole , 
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thu3 accounting for both the roll-off and the lack of warning. Had 
the Initial stall been confined to the region of the wing-fuselage 
juncture, the rolling tendency would have been smaller, and a warning 
mi gilt have been present in the form of buffeting. Some exploratory 
flight tests were made with gloves on the wing root leading edge 
to induce early root stall. These additions were successful in pro- 
viding a stall warning, but caused unacceptable increases in minimum 
speed . 

Because of the stringent flight schedule occasioned by a 
restricted power-plant life, it was thought expedient to make 
further tests in a wind tunnel. Accordingly, the Air Materiel Command, 
Army Air Forces, requested that development tests of a suitable stall - 
warning device be made in the Langley 300 MPE 7- by 10-foot tunnel. 
These tests are reported in the present paper. In undertaking the 
tests, it was fully realized that the absolute magnitude of the 
results of wind-tunnel tests would have to be used with discretion 
when predicting full-scale stalling characteristics. 

Two similar stall -warning devices were tested. Each was 
attached to the wing leading edge at the root and was designed to 
cause the initial stall to occur at the root, but one extended span- 
wise twice as far as the other . The spanwise lengths of the devices 
were kept smaller than those reported in reference 1 , since the 
results of reference 1 (the large increases in minimum speed) 
indicated that an inordinately large wing area was being affected by 
the leading-edge gloves. An attempt was made, by correlating the 
results of force tests and tuft studies, to evaluate the performance 
of the stall -warning devices as applied to the airplane. 


COEFFICIENTS AND SYMBOLS 


The results of the tests are presented as standard NACA 
coefficients of forces and moments. Pitching-moment coefficients 
are given about the center -of -gravity location shown in figure 1 
(26.45 percent of the mean aerodynamic chord) . The data are referred 
to the stability axes, which are a system of axes having their origin 
at the center of gravity and in which the Z-axis is in the plane of 
symmetry and perpendicular to the relative wind, the X-axis is in the 
plane of symmetry and perpendicular to the Z-axis, and the Y-axis is 
perpendicular tc the plane of symmetry. The positive directions of 
the stability axes, of angular displacements of the airplane and 
control surfaces, and of forces and moments are shown in figure 2. 
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C X 



Z 



q 


qt 

s 


The coefficients and symbols are defined as follows: 
lift coefficient (Lift/qS) 
longitudinal-force coefficient (X/oS) 
pitching -moment coefficient (M/qSc* ) 
lift 

forces along respective axes, pounds 


moment about Y-axis, pound foot 

free -stream dynamic pressure, pounds per square foot 



effective dynamic pressure at tail, pounds per square foot 


wing area (lO.UO sq ft- on model) 


c' 

V 

P 

a 

it 
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o 


•trim 




rax 


Vi 


wing moan aerodynamic chord (M.A.C.) (1.1:8 ft on model) 

fl’ce-strcam air velocity, feet per second 

mss density of air, slug per cubic foot 

angle of attack of fuselage reference lino, degrees 

angle of stabilizer with respect to fu3clago roforonce 
lino, degrees; positive when trailing edge is down 

elevator deflection with respect to stabilizer chord line, 
degrees; positivo when trailing edge i3 do^/n 

3lctted-flap deflection with respect to unde floe ted position, 
degrees 

value of when C rj = 0 

maximum value of C T 

"trim 

indicated airspood, miles per hour 
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AIRPLANE MODEL, AJSfI> APPARATUS 

Tho Republic XP-34 airplane is a single-place, single-jet, 
low -midwing fighter, end has been described in reference 2. 

The l/5 -scale model has also been described in reference 2. 
For the present tests, the slotted flap was used, as was the 
revised horizontal tail, which was set at -1.0° for all tests. 

The landing gear was retracted for all tests. All tests were 
made with the model blower unit inoperative and with the duct 
open. A three -view drawing of the model and a photograph of tho 
model in the tunnel are shown in figures 1 end 3, respectively. 

The two stall -warning devices tested on the model are shown 
in figure 4. The data of references 3 and 4 were usod a3 a basis 
for tho design of tho warning devices. It i3 thought that tho 
high-speed performance of tho airplane should be little effected 
by tho devices, since in this flight condition tho devices should 
be very near the stagnation point. 

To increase the effective Reynolds number for a given tunnel 
speed, a turbulence not was used (the not may bo seen in fig. 3 ) • 
The turbulence not was a standard fish net made of l/l6-inch 
diameter cotton twine with a square nosh 1^ inches on a 3ido, and 
was located in the tunnel 97 inches upstroen of tho center line of 
the balance frame . 


TESTS 


Test Conditions 

The tunnel dynamic pressure was hold at 40.03 pounds per 
square foot for all tests. Based on tho model wing mean aerodynamic 
chord of 1.48 feet, this corresponds to Reynolds number of 
1.73 X 106. Through sphere pros sure -measurement tests after the 
method of reference 5, the turbulence factor with the net in place 
was found to bo 2.24, so that the effective Reynolds number of the 
tests was 3*30 x 10°. (The Reynolds number of tho full scale ^ 
airplane at maximum lift is about 7 x 10°, flaps do™, 9 X 1C>6, 
flaps up . ) 

Corrections 

No corrections for taros caused by the model support sy3tom 
have boon applied to the data. Jet -boundary corrections have been 
applied to the angles of attach, tho longitudinal force coefficients, 
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and the pitching-nanont coefficients . Tho following corrections, 
obtained from reference 6, wore added to tho tost date.: 


Aa = 1.00 C L 


AC-y 

A 


AC n 


-0 .0175 


-8.C5CL 




where A a, i3 in dogroos. 


Test Procedure 


Tuft studies of the right wing were node flaps up , and flaps 
down 30°, witli the nodel In the clean condition (no stall -warning 
device) and with "both stall-warning devices. The 'behavior of tho 
tufts, besides being observed visually, was also recorded with a 
notion -picture cancra. 

For tho sane configurations notod above, tests through the 
angle -of -attach range were na.de with various elevator deflections, 
and the force data wore recorded. 


PRESENTATION OF RESULTS 


An outline of the figures presenting the rosults is given 
bo low: 


A. Initial stall patterns 


Figure 


B. Elevator tests J- 

6 f = 0° 6 

a f ” 30° 7 

C. Elevator deflection required to trin 8 


i Figures 6(a) and 6(b) include separate "ladder" plots of tho 

pitching-nonent coefficients . 
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DISCUSSION 
Tuft Studies 


No 3tc.ll-vn.min.o- floyices .— With no stall -warning device on the 
wing the stall was very abrupt, both flaps up end flaps down . The 
initial stall occurred over the large areas shown in figure 5 end 
then spread very rapidly over the root of the wing. This observation 
was in agreement with the results of tuft studies on the full-scale 
airplane (reference l) . 


It was noted while nailing preliminary tuft studios that in the 
flaps-up configuration with no stall -warning device that the loft wing 
panel stalled clout 2° earlier then the right panel. Excopt for 
these first studies, tufts were attached only on the right wing. 

Stall -warning devices nos. 1 and 2— With either of the two 
stall-warning devices attached, a gradual end desirable stall 
progression was evident, both flaps up and flaps down. In each case, 
the initial stall occurred at a slightly lower angle of attack than 
for the corresponding configuration with no stall -warning device. Ihe 
initial stall covered a relatively small area as shown in figure 5, 
and gradually spread forward and outboard as tho angle of attack was 
increased . 


Stall Warning 


In the flaps-up configuration, complete sets of elevator 
tests wore obtained for tho clean wing and for stall -warning device 
No. 1. For this condition, then, a fairly complete analysis of 
the stall warning can be made. Tula will bo discussed first. The 
results of tho tests in tho other configuration will then be dis- 
cussed in a somewhat different vein. 


F la ps up. s ta ll -warning device No. 1 .- Tie type of stall warning 
that can be expected is shown by the estimated e le vat or - to - trim curves 
of figure 8 taken from the data of figure 6. The buffet region and 
the points of complete wing stall were estimated from the tuft studies. 
For the clean wing, the lack of stall warning is evident; as the stick 
is palled back, practically the entire wing suddenly stalls with no 
preliminary buffeting or marked increase in stick travel. This be- 
havior was noted in the flight tests reported in reference 1. 

With stall -warning device No. 1 installed, a stall warning in the 
form of buffet nay be expected to occur at an up-elevator deflection 
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of about 11°. Aa the stick ia pulled back beyond thia point, no 
further apeed reduction will reault, but the buffoting should become 
more severe as the result of a spreading root stall. It will bo 
noted that although minimum speed is reached at the same point at 
which buffeting begins, tho airplane should remain controllable 
with further backward movement of the stick almost until full-up 
elevator (27*5°) is reached, since it ia not until an tip elevator 
of 25° that the entire wing stalls. This action should constitute 
a satisfactory stall warning. 


It will be noted from tho curves of figure 8 that the elevator 
is sufficiently powerful to stall tho airplane for the two cases 
presented. An inspection of the data of figures 6 end 7 shows 
that for all configurations tested, the airplane nay bo stalled 
by use of the elevator. 

Tine did not permit nr icing any complete sets of elevator tests 
other than those just discussed. Therefore the results of the 
reminder of the tests are analyzed in a 3 lightly different fom. 

(See table I.) Tho values presented in table I are tho angles of 
attack for initial stall and rnxinun lift, and tho corresponding 
trim lift coefficients and indicated airspeeds for a gross weight 
of 13,000 pounds. (Tho wing area of the airplane i3 260 sq ft.) 

The angles of attack for the initial stall were doterninod fron tho 
tuft studies . The other quantities wore obtained from the force- 
test data of figures 6 and 7- It should bo renonbered that the 
preliminary tuft studios showed a slight difference in stall angle 
between tho loft and right wing panels, so that tho absolute values 
of the quantities in table I must be regarded with caution. 

Flans up. stall -warning device IT a ^ About the sane behavior 

can be expected as for devico No. 1, with porhaps an additional 
advantage in the fom of a slight speed margin between tho first 
warning and tho complete stall. 

Flaps down 30°. stall-warnin g devices Nos. 1 and 2 .- It appears 
that for tho flapo-down cases, no stall warning in tho fom of 
buffeting or increased stick travel can be expected, since tho angles 
of attack for initial stall and Ct are practically equal. (The 

angles for initial stall were not so clearly dofinod as for the 
flaps up cases , so that tho tabulated values ore given as approximate . ) 
As the stick is pulled back to roach an angle of attack higher than 
that for initial stall, the lift will thoroforo drop, instead of 
remaining approximately constant as in tho flaps -up cases. There soens 
to bo a slight angle -of -attack margin for device No. 2, but the margin 
is too small to allow saying definitely that tliero will be any buffet 
warning . 
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Although the devices tested apparently will not provide a true 
"buffet stall warning in the flaps down configuration, they should 
serve to i reprove the flapc-down stall characteristics. It should 

first "be noted that the angles of attack for C T given in table I 

■'-‘max 

for 5f = 30 are lower than those at which the entire wing was 
stalled (for = 0°, the two angles were the same). As was 
pointed out in the discussion of the flaps -down tuft studies, the 

entire inboard half of the wing stalled at C-r when no stall - 

• u max 

warning device was used. With either stall -warning device, the 

stalled portion at (A was much smaller, so that the stall would 

ij max 

be expected to be less severe. In particular, if any slight asymmetry 
existed in the airplane, causing a tendency to roll off at the stall, 
the tendency to roll would be less violent with the stail-waming 
devices. Further, the stall progression was seen to be much more 
gradual when either stall-warning device was used, so that it would 

be expected that better control would be maintained after C T is 

•Hraax 

reached. The effect of the more gradual stall progression is also 
evidenced in the somewhat less rapid drop-off of the lift curves 
beyond (fig. 7 ) with the stall -warning devices attached. 


Minimum. Speed 


A desirable stall -warning device would be one that performed 

its function with no decrease in C T (and therefore no increase 

jaax 

in minimum speed). The values of AC T and AT . (table I) show 

Jj max man 

that with the flaps up, devices Nos. 1 and 2 increased the minimum 
speed 10 and 8 miles per hour, respectively. The smallest minimum- 
speed increase reported in reference 1 was 8 miles per hour; the 
largest was 35 miles per hour. It is thought that the wind-tunnul 
results may be conservative by as much as 2 miles per hour. If these 
increments in minimum speed are considered too largo, it may be 
possible to decrease them by further cutting down the span of the 
warning device, realizing that too short a device may fail to give an 
adequate stall warning. 

The increases in minimum speed for the flaps-down configuration 
caused by the devices tested were of the order of 1 or 2 miles per 
hour. 
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CONCLUSIONS 


Hie following conclusions are based on the results of tests 
of two stall -warning devices on a l/5-scalo model of the Republic 
XP-A airplane in the Langley 300MPE ?- by 10 -foot tunnel: 

1. In the flaps- no configuration, either warning device tested 
apparently gave a warning in the form of buffeting as the stall 

was approached. The devices increased the minimum speed bj 8 or 10 
miles per hour, 

2. Neither devico seemed to provide a definite buffet warning 
when the flaps were deflected 30° , but it- appeared that the use of 
eithor dovice would improve the flaps -down stalling characteristics 
by lessoning the severity of the stall and by maintaining better 
control at the stall. The minimum speed increase caused by the 
dovicc3 in the flap3-down configuration was only 1 or 2 miles per 
hour . 

3 • Noithor stall -warning dovice decreased the elevator power 
to such an oxtent as to prevent stalling the airplane in any of the 
configurations tooted. 
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TABLE I 


INITIAL STALL A ND MAXIMUM LIFT AS AFFECTED BY 

stall-w/lning devices 


5f 

(ao!) 

Stall 
warning 
do vice 

Lift condition 

a, 

(dog; 

Ct , 
crim 

V i, nph 
(Gross weight 
= 13,000.1b). 

AC 

^Yrxtn, 

(mph) 

0 

None 

Initial stall 

13.0 

13.0 

1.13 

1.13 

132 

132 



No. 1 

Initial 3tall 

C L 

•Hmx 

f 

o o 

H C H 

• 97 
•97 

.142 

142 

-0.l6 

10 

No. 2 

Initial stall 

Jinx 

14.0 

10.0 

• 96 
1.00 

143 

3.40 

-0.13 

n 

.) 

30 

None 

Initial stall 
C L 

14 ( approx . ) 
•13.5 

1.43 

1.43 

117 

117 



No. 1 

Initial stall 
Ct 

12 (approx.) 
12.5 

1-33 

1.3' 

119 

119 

- 0.05 

2 

•No. 2 



Initial stall 
^4max 

12 ( approx . ) 
13~.5 

1.33 

1.4l 

119 

113 

-0.02 
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Figure 1 . - 


The -- — scale model of the Republic XP-84 airplane with the 
revised horizontal tail. 
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Figure 2.- System of axes. Positive values of forces, moments, and angles 
are indicated by arrows. 
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Fi gure 


3.- The — — scale model of the Republic XP-84 
5 

ounted in the Langley 300-mph 7- by 10-foot 


airplane m 

tunnel with turbulence net in place. 
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dimensions 


2.d' x .075"* .025" 
j.2" * ■ 075" x .025" 
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Figure 5.- Initial stall patterns observed in tuft studies on the -g-- 


scale model of the Republic XP-84 airplane. 
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